Introduction {#s1}
============

Psychiatrists in the field of both phenomenology and experimental psychology have proposed that disturbances of temporality in schizophrenia represent a key issue for psychopathology (Fuchs, [@B8]; Vogeley and Kupke, [@B40]). Timing disorders may relate especially to basic disturbances in consciousness of the self i.e., the "minimal self" (Martin et al., [@B21]; Giersch and Mishara, [@B11]). The minimal self is defined by the pre-reflexive "mineness" of conscious experience (Gallagher, [@B9]). For example, we say "I see a tree" when pointing out a tree to another person. In this sentence, the subject says "I" without thinking about it, as a result of his/her natural first-person perspective. The presence of the "I" signals the sense of "minimal self." As explained by Stanghellini ([@B36]) "I experience myself as the perspectival origin of my experiences (i.e., perceptions or emotions), actions and thoughts." Minimal Self disorders (SDs) are considered as trait markers. They have been described in prodromal, as well as chronic stages of schizophrenia (Møller and Husby, [@B24]; Parnas et al., [@B31], [@B32]; Raballo et al., [@B33]). They are considered stable, core features of schizophrenia (Lysaker and Lysaker, [@B20]; Gallese and Ferri, [@B10]; Nelson et al., [@B26]; Hur et al., [@B18]; Mishara et al., [@B23]; Nordgaard and Parnas, [@B30]; Nordgaard et al., [@B29]), and discriminate the schizophrenia spectrum from bipolar disorders with psychotic experiences and other psychoses (Haug et al., [@B15]), or borderline personality (Nelson et al., [@B25]). However, descriptions of temporality disorders are rarer. Temporality is the sense of continuity that is inherent to the concept of minimal self: we implicitly think of ourselves as unique beings that are continuous in time. Our sense of self continuity is a given, which we do not naturally question. It is so strong a feeling that it is difficult to imagine its perturbation, making it difficult to access by verbal report. Timing disorders are thus often ignored in clinical settings, despite their potential role in pathophysiology. They have however been demonstrated in group studies, and have been related to minimal self disorders (Martin et al., [@B22]). Here we check whether it is possible to demonstrate timing disorders at an individual level, which is a critical step toward the integration of such evaluations into clinical practice.

We present a case report of AF because he has the rare ability to describe his time and self disorders ("subjective" timing). We also report experimental results ("objective" timing) analyzed at the single case level in AF, focusing on temporal expectation in the seconds time-range. Complementary results on a simultaneity judgement task in the millisecond range (Martin et al., [@B21]; Giersch and Mishara, [@B11],[@B12]), can be found in Supplementary Materials. We explored implicit timing, which is defined by the processing of information in time independently of any explicit temporal judgement (Coull and Nobre, [@B6]). This type of timing is very close to the phenomenological description of human time in that it shapes conscious experience rather than representing the contents of time. We favor this approach because explicit duration judgements are characterized by variability rather than a clear over- or underestimation (Thoenes and Oberfeld, [@B37]), can be affected by attention or working memory impairments (e.g., Campbell and Davalos, [@B3]), and hence are difficult to interpret at an individual level (see Giersch and Mishara, [@B12], for a discussion on implicit vs. explicit measures in schizophrenia).

The temporal expectation task explores the ability to continuously extract temporally predictive information from the elapse of time, i.e., to benefit from the predictive information inherent in the unidirectional flow of time. A disconnection from time\'s flow would mean a lack of immersion in the world, which should impact the patient\'s ability to feel present and embodied in his actions, feelings and thoughts. The observation of both types of impairment in this patient would reinforce the hypothesis of a link between implicit timing and the sense of self.

AF case report
--------------

### Anamnesis and symptomatology

AF is a 25-year-old man, who has never worked since his professional training in electronics. He attends a rehabilitation center because of social and professional difficulties. He has been followed psychiatrically for 4 years, following a suicide attempt and a diagnosis of schizophrenia. When we met him, he had no more psychiatric support and no treatment. A written informed consent was obtained from AF for the publication of this case report.

AF was born in Lyon (France). He was adopted at the age of 2 years. His childhood contained no great peculiarities, though he describes himself as "shy" since childhood. He has always been imbued with the diffuse feeling of "being different." During childhood, he was a good pupil. The family atmosphere was serene. However, a state of psychic suffering gradually settled in during early adulthood. It was marked by a difficulty in maintaining good school performance ("everything required more and more effort...maybe I became too analytical"). AF also describes growing difficulty in interacting with others "I gradually became isolated...It is as if contact with others was not natural anymore...I began to wonder how others behaved so naturally." AF adds: "Everything was a question for me...stupid questions like 'why does the mouth go upwards when you smile'." He gradually quit school, became isolated and withdrew to the family home. At the age of 18, he attempted suicide "As amazing as it may seem...I could no longer stand to always be thinking about everything." He was then hospitalized for 3 months in a psychiatric ward for a delirious state, marked by ideas of persecution. Antipsychotic drugs (risperidone and then olanzapine) were then prescribed and the diagnosis of schizophrenic disorder was made on the presence of delusions, negative symptoms, major impairments in interpersonal functioning, and lack of evidence for schizoaffective disorder and autism.

When we encountered AF, functional impairments persisted, i.e., difficulty in social and professional integration, but there was no longer any obvious behavioral symptomatology (see clinical details in Supplementary Material). The patient voiced two major complaints. The first concerned the feeling of being oneself, and the second his experience of time.

### Lack of ownership---minimal self disorder (SDs)

On several occasions, AF reported feelings of being at a distance from his environment and his own sensation of being a subject.

"I often observe myself from the outside...When I\'m speaking, I\'m seeing myself speaking at the same time that I\'m speaking...when I\'m walking, it is as if I am controlling myself artificially at the same time that I am walking...as if I were outside myself, and it is not really I who perceive...as if my perception is bland, artificial...as if I am not there...."

In addition, AF described a loss of natural evidence, associated with an experience of hyper-reflexivity. "Everything raises questions...it is as if the world would be so far from me that everything is questionable...why is the table called a table...why is the sky blue...why do I have two arms and not three."

Finally, AF described: "it is as if the content of my perception is wrong...as if there is me on one side, and an artificial environment on the other side that reflects my perception...as if what I perceive is not really what is there to be perceived....I sometimes have the impression that it is cut in two parts...or that I\'m alone, without a real perception."

AF\'s bodily feelings, and relationships to his own thoughts were also disturbed, and descriptions can be found in Supplementary Materials.

### Disturbance of temporality

Timing disturbances are usually difficult to explore, but come up frequently in AF\'s complaints: "I do not feel the time," "The word 'time' has no meaning for me...\[I have to\] use tools, tricks, to know that time has passed." "For example, I often look at my watch to know that time elapsed..." "You see, I can use a metaphor to explain to you...Birds, they have a sense that allows them to orient themselves...a kind of magnetism...It is an innate thing...If they do not have it, they cannot navigate...Me, it\'s the time I do not have...I\'m like blind to time...but I cannot explain it better...I try to find out how to talk about it...but I can\'t manage to explain... It may be the most important thing to understand..."

Although time is his main complaint, AF is unable to better specify the particularity of his relationship to time.

Other investigations---materials and methods {#s2}
============================================

EASE scale
----------

The EASE is a 57 item semi-structured interview designed to explore SDs. The scale was administered by BM, who was trained in its use by one of the authors of the EASE scale (JP). Five domains are explored, as detailed in Supplementary Materials.

AF had a total score of 16, which corresponds to a score frequently found in the population of people with schizophrenia. Detailed sub-scores can be found in Supplementary Material.

Neuro cognition
---------------

A neurocognitive assessment was performed by a neuropsychologist, including psychomotor speed, working memory, verbal memory and executive functions. No major deficit was observed, except a flexibility deficit. Scores are detailed in Table [1](#T1){ref-type="table"}.

###### 

Scores of AF in the neurocognitive battery.

  **ATTENTIONAL FUNCTIONING (D2) (Brickenkamp, [@B2])**                                                         
  ------------------------------------------------------------------------------------------------------------- --------------------
  KL (concentration)                                                                                            184 (RP 57,9)
  GZ (speed)                                                                                                    445 (RP 30,9)
  **FLEXIBILITY (TMT) (Tombaugh, [@B38])**                                                                      
  TMT A (speed)                                                                                                 32 (DS−0,9)
  TMT B (flexibility)                                                                                           96 (DS = −3,7)^\*^
  TMT A -- B                                                                                                    64 (DS = −1,7)^\*^
  Short term memory (forward digit span -- WAIS 4)                                                              7 (DS = +0,4)
  Working memory (backward digit span -- WAIS 4)                                                                6 (DS = +1)
  **VERBAL LONG TERM MEMORY (FREE AN CUED SELECTIVE REMINDING TEST---RL/RI-16) (Grober and Buschke, [@B14])**   
  Immediate recall                                                                                              16 (RP 50)
  Free recall 1                                                                                                 14 (DS +1,5)
  Free recall 2                                                                                                 14 (DS = +1,5)
  Free recall 3                                                                                                 16 (DS +0,7)
  Delayed Free recall                                                                                           15 (DS +0,16)
  Total recall 1                                                                                                16 (RP 75)
  Total recall 2                                                                                                16 (RP 50)
  Total recall 3                                                                                                16 (RP 25)
  Total delayed recal                                                                                           16 (RP 25)
  **MULTIPLE ERRANDS TEST (MET) (Shallice and Burgess, [@B35])**                                                
  Total number of errors                                                                                        2 (RP 50)
  Verbal reasoning                                                                                              27 (NS = 14)

*The battery was designed to explore the main cognitive functions known to be impaired in patients with schizophrenia (Heinrichs and Zakzanis, [@B17]), and known to affect explicit duration estimation in these patients (Bonnot et al., [@B1]; Roy et al., [@B34]; Ward et al., [@B41]; Campbell and Davalos, [@B3]; de Montalembert et al., [@B7]). It is to be noted that the patient did not display thymic disorders (see [Supplementary Material](#SM1){ref-type="supplementary-material"} for details)*.

Temporal prediction task
------------------------

A visual target was displayed at various intervals after an initial fixation point (400 or 1,000 ms), and the task was to press a response key as quickly as possible once the target was displayed. The conditional probability of target presentation increases with the length of the interval (termed the "hazard function"), resulting in a heightening sense of expectation over time. Increasing expectation results in shorter reaction times (RTs) as the delay between fixation point and target increases (Niemi and Näätänen, [@B27]). This decrease in RT is referred to as the variable foreperiod effect.

To investigate the patient\'s ability to implicitly take such conditional probabilities into account, he performed the task in two different types of experimental blocks. In one set of blocks, the initial fixation point was not followed by the target in 25% of trials (25% catch trials) whereas in the other blocks the target always followed the fixation point (0% catch trials). Catch trials decrease the expectancy that the target will be presented and lead to "dispreparation," yielding a decrease in the variable foreperiod effect.

We also investigated the ability to voluntarily orient attention in time. In half of the blocks, we used visual cues to indicate the time of occurrence of the target, either 400 or 1,000 ms after the fixation point (Figure [1](#F1){ref-type="fig"}). This temporal cue condition was contrasted with a neutral cue condition (which provided no temporal information).

![Illustration of the conditions used in the temporal orienting task. After the initial central fixation point (on the left in each quadrant), the target was displayed left or right of screen center (on the right in each quadrant) and subjects had to press a response key corresponding to the side of target presentation as quickly and accurately as possible. The fixation point comprised a cue indicating the delay between fixation and target (400 or 1,000 ms, "temporal condition," two left quadrants) or not ("neutral condition," two right quadrants). In addition the target was either always displayed after the fixation point (0% catch trials, 2 upper quadrants) or was absent in 25% of the cases (25% catch trials, 2 lower quadrants).](fnhum-12-00132-g0001){#F1}

All experimental conditions were crossed orthogonally (Figure [1](#F1){ref-type="fig"}). A detailed description is provided in Supplementary Materials.

To further explore the implicit processing of time intervals we analyzed trial-to-trial sequential effects in blocks with 0% catch trials (Los and van den Heuvel, [@B19]). These effects rely on automatic mechanisms (Vallesi et al., [@B39]), whereby the time interval of the preceding trial influences performance on the current trial: if the foreperiod on trial N is shorter than that on trial N-1, reaction times are slowed. However, no such effect is observed when the foreperiod is longer on trial N than N-1.

The temporal orienting test has been used widely (Coull and Nobre, [@B5]; Correa et al., [@B4]; Nobre and van Ede, [@B28]) and participants matched to AF on age and education level showed typical results on this test: RTs were faster for temporal vs. neutral cue conditions and, in the neutral condition, for long vs. short foreperiods (Martin et al., [@B22]).

Results---temporal prediction task {#s3}
==================================

AF committed only 3.3% errors, which were not analyzed further. Analyses of variance were conducted on RTs for correct trials, with each RT as a random variable. In the first analysis we included cue type (temporal vs. neutral), catch-trial percentage (0% vs. 25%), and foreperiod (400 vs. 1,000 ms) as between-group variables. Results showed a significant interaction between foreperiod and catch-trial percentage \[*F*~(1,\ 752)~ = 6.5, *p* \< 0.05). *Post-hoc* Tukey analysis showed that in case of 0% catch trials there was no difference in RTs between 400 ms (323 ms) and 1,000 ms (321 ms), whereas in the case of 25% catch trials, RTs increased between 400 ms (333 ms) and 1,000 ms (357 ms), p \<.05. There was also a main effect of cue type \[*F*~(1,\ 752)~ = 13.8, *p* \< 0.001\]. RTs were longer for temporal (340 ms) than for neutral cues (321 ms) (Figure [2](#F2){ref-type="fig"}).

![Mean Reaction times for AF as a function of catch-trial condition (0% catch trials in the lefthand graph, vs. 25% catch trials in the righthand graph), foreperiod between cue and target (400 vs. 1,000 ms, on the X axis), and cue type (temporal in red and neutral in blue).](fnhum-12-00132-g0002){#F2}

In a second analysis, we analyzed sequential effects during neutral cue 0% catch trial blocks only. Results showed that RTs were longer when the foreperiod of two consecutive trials were different rather than identical \[337 vs. 307 ms, *F*~(1,\ 444)~ = 21.4, *p* \< 0.001\]. This effect was significant both when the foreperiod was 400 ms on trial N \[342 vs. 305 ms, *F*~(1,\ 224)~ = 18.9, *p* \< 0.001\], and when it was 1,000 ms \[333 vs. 311 ms, *F*~(1,\ 221)~ = 5.4, *p* \< 0.05\] (Figure [3](#F3){ref-type="fig"}).

![Mean Reaction times for AF on trial N as a function of foreperiod duration on trial N (400/1,000 ms) and of sequence type: foreperiods were either different (red) or identical (blue) in trials N and N-1.](fnhum-12-00132-g0003){#F3}

Discussion {#s4}
==========

The case of AF is characterized by low intensity schizophrenia symptoms. In particular, AF shows no delusion or disorganization of thought. However, AF presents significant subjective complaints that can be attributed to SDs. A normal sense of self involves automatic, not-reflexive, self presence, and immersion in the world (Parnas et al., [@B32]). We perceive and act in the world "from the inside." Because our thinking is "glued" to ourselves, our consciousness is non-spatial in nature and we cannot locate our consciousness, our thoughts, which are intuitively experienced as ours.

In contrast, AF describes experiences reflecting a distance from his own perception and self-awareness, i.e., a lack of immersion in the world. His own consciousness of himself, as well as his own perceptions, no longer seem embodied by the self and appear to him as mechanical and distinct from himself. In addition, the patient presents a loss of natural evidence, and a loss of immersion in his environment (Parnas et al., [@B32]). Finally, AF\'s descriptions of a "perceptualization of inner discourse" and "spatialization of thought" (see [Supplementary Material](#SM1){ref-type="supplementary-material"}) suggest that there is a gap between his thoughts and the self, reflecting and/or leading to the loss of the "mineness" of mental experience.

Taken together, these disturbances reflect a basic alteration of the feeling of presence, i.e., immersion in the world, which represents a fundamental feature of SDs. AF\'s disturbances are attested by his high score on the EASE scale.

AF had a normal neuro-cognitive assessment, despite his minimal self disturbances being quite large. This dissociation between normal neurocognitive outcome and SDs is consistent with the literature (Haug et al., [@B16]), which does not indicate a correlation between typical neuro-cognitive disturbances and minimal SDs.

Usual neuro-cognitive batteries are not exhaustive though, and AF insists that he does not "have a sense of time." AF also insists on his great difficulty in being able to describe more precisely the peculiarities of his time experience.

AF shows several timing impairments
-----------------------------------

AF does not benefit from the flow of time to optimize his temporal expectancies, i.e., his reaction time does not decrease as the probability of target occurrence increases. In addition, in the presence of catch trials, there is a large dispreparation effect (Correa et al., [@B4]) resulting in slower RTs at 1,000 ms than at 400 ms. These results are consistent with those observed at the group level (Martin et al., [@B22]), especially in patients with SDs. As in this previous study, our results suggest a fragility in the ability to make temporal predictions. Moreover, results fit with AF\'s complaint that he does not feel that time has elapsed. Despite these difficulties, some basic ability to encode time intervals is preserved, as shown by the fact that, as in healthy participants, RTs increase when the foreperiod between consecutive trials differs. This result shows that the difference between 400 and 1,000 ms has been encoded. This is not surprising, since automatic coding of short durations has been found in electrophysiological studies of cortical slices, i.e., without requiring the entire cortex (Goel and Buonomano, [@B13]). In AF, it is not interval estimation that is impaired, but the ability to use this interval to predict the probability of target occurrence. It is also to be noted that AF had no difficulty in taking probabilities into account, since performance changed when the probability of target presentation was manipulated, i.e., in the case of catch trials. It is thus the temporal prediction itself that seems affected.

However, some of AF\'s results had not been observed at the group level. Sequential effects were preserved in our group of patients with schizophrenia (see [Supplementary Material](#SM1){ref-type="supplementary-material"}). For AF, performance was similarly affected whether the foreperiod on trial N was shorter *or longer* than that on trial N-1. It\'s as if AF expected the foreperiod to be strictly identical on consecutive trials and was unable to reinitialize expectation once the target had not been displayed after the short foreperiod. This effect is reminiscent of previous studies suggesting heightened sequential effects in patients (Zahn et al., [@B42]). Together with AF\'s difficulty in using temporal cues (unusually, RTs were slower, rather than faster, after temporal cues), the results suggest that temporal prediction is especially fragile and lacks flexibility in this patient.

Overall, AF\'s complaints about time were supported by objective exploration. The paucity of other symptoms and neuro-cognitive impairment makes it tempting to propose a relationship between objective and/or subjective timing difficulties and minimal SDs, consistent with previous hypotheses (Martin et al., [@B21], [@B22]; Giersch and Mishara, [@B11],[@B12]). However, such a relationship cannot be proven, and more extensive exploration of timing might be useful, e.g. using longer time intervals. Yet, the important result in the present study is that timing disorders can be demonstrated at an individual level, independent of antipsychotics or impairments in attention and memory. This is the first step toward personalized evaluation and therapeutics. We suggest that subjective and objective explorations of timing may usefully complete patients\' clinical evaluation.
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